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Introduction

Anodic oxide fil ms have been subjeded to extensive work
but their growth mechanism is 4gill not completely
understood Several different growth mechanisms have
been suggested. Essentialy, film growth can be limited
either in the film itself through Hgh field ion migration
(HFM) or by a readion at one of the film interfaces
(IFM). These models were recantly discussed in detail by
Olssn et a. [1] who measured film thickness changes on
PVD-deposited Cr using the dedrochemicd quartz
crystal microbalance (EQCM), which provides a time-
resolved in situ estimate of mass changes. By comparing
experimental data to theoreticd simulations, these authors
found the IFM to be more successful in predicting film
growth for different initial passve film thicknesss, in a
range from 0.5 to 3 nrm on Cr. The thickness of passve
films on Cr is limited by the onset of transpassve
disolution. To study the dfect of initia film thicknesson
the growth behavior as a aiterion for distinguishing IFM
and HFM, metals such as Ta, Ti or W are more suitable.
The @m of the present study is to investigate the film
growth kinetics of anodic films on W using the EQCM
and to compare experimental results with the prediction of
IFM and HFM.

Experimental

EQCM experiments were performed with sputter
depaosited films of W on AT-cut quartz aystal using a
deagated 0.1IM H,SO, + 0.4M NaSO, e€ledrolyte.
Samples were initially polarized to 2V g4 to form a stable
passve film. This was followed by a rapid incresse to
5Vge, @ potential that was maintained for 60 min.
Finally, the potential was stepped to 8V g and kept for
60 min. The net sample current and mass change was
measured using the EQCM. The thickness change of the
film was cdculated from
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where Amgqey IS the measured mass change, n is the
valency. q is the charge (C/cm?), M,, is the tungsten molar
mass, F is the faraday's constant, and the density, p
(WO;)is 716 ngnm on’. Impedance spedroscopy
analyses were dso performed to estimate thickness of the
oxide film as a function of timefor 2 and 5V gc.

Results

The mass change and current density measured during a
potential step from 2 to 5V g4 are shown in Fig. 1. From
the EQCM data, it is sen that pradicdly al current
measured during the potential step serves for film growth.
In the long-term limit, the arrent stabilizes at a steady
state value while the mass deaeases linealy with time.
From the mass and current, it is possble to cdculate a
thickness change from eg. 1. The film thickness was also
estimated from high frequency capadty (C) determined
by eledrochemicd impedance spedrometry (EIS).
Results obtained from the following expresson
C=¢,&A/d where A is surface area €=35 [2] is the
dieledric constant, and €, is the permittivity of freespace

are shown in Fig. 2. Changing the potential from 2 to
5Vge leads to a steg increase in film thickness after
which it stays constant. The same results were found by
Maadonald et a [2]. The data of Fig.1 show that under
these @nditions the mass of the dedrode deaeases,
indicaing that anodic dislution takes place A more
guantitative comparison shows that anodic dislution can
not acoount for all of the dharge passed and therefore an
additional anodic readion must take place such as
decomposition of water. Additional experiments will be
conducted to quantify the contributions of the different
anodic readions as a function d applied paential and to
get a better understanding of anodic film properties on
tungsten.

Conclusion

The present data show that anodic film growth on W
resulting from a potential change can be monitored in situ
with the EQCM. A comparison of the growth curves at
different initia film thicknesswith theoreticad simulations
based on the IFM and HFM suggests that the latter
describes better film growth kinetics on W contrarily to
the behavior observed for the much thinner films on Cr.
At a onstant potentia of 5Vge metal dissolution, at
constant film thickness was observed jointly with a
seaond anodic readion involving oxidation of the solvent.
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Fig. 1. Average and standard deviation based on three
experiments for current and mass resporses recorded at
400mV/sfrom2to 5V ge.
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Fig. 2. Thicknessestimated by EISfor 2 and 5V g .



